Until now, only clinicians who volunteered have been part of data quality schemes and received feedback on the quality of their coding. There is no clear evidence about whether such feedback can improve data quality. For example, the effectiveness of PCO (primary care organization)-wide feedback on data quality has yet to be shown by the Primary Care Information Services (PRIMIS) project, 15 and only limited published data from three PCOs has come out from the program Primary Care Data Quality (PCDQ) program. 5 We examined the feedback of data quality markers within the MediPlus database to see whether this led to a more rapid improvement in data quality than that generally occurring in primary care. We hoped that the experience gained from data quality feedback over an 8-yr period could be applied more generally to raising the standards of computerized medical records in primary care.
Methods

Data Source: The MediPlus Database
The MediPlus database was established in 1992; it contains information on almost two million patients and more than 53 million prescriptions. 16 The database is based on information drawn from more than 500 representative general practitioners across the United Kingdom using the Torex-Meditel System 5 computer package. 17 This computer system allows the linkage of diagnosis or problem title to the acute or repeat (long-term) prescriptions issued to patients. This makes clearer the diagnoses for which prescriptions are being issued. This is particularly useful among groups such as the elderly, who often suffer from several chronic diseases.
Data quality markers are used to ensure that only doctors supplying data that reaches specified quality standards are included in the database used by researchers. In total, ten data quality scores are used. These are calculated at individual doctor level and fed back to the participating practices quarterly. Newsletters are also sent every six months, addressing issues around coding highlighted by a panel of expert general practitioners. Doctors are given a small incentive (about £400 per doctor per year) to reach the target levels across the ten quality scores used (Table 1) .
Literature Review
We carried out a literature review to establish whether there was a consensus on what data quality parameters should be fed back. PubMed (National Library of Medicine) was searched using "Data Quality" and "General Practice" as search terms. This identified 848 abstracts, each of which was examined to identify articles relating to either the membership of a data quality scheme or the effectiveness of feedback of clinical markers. There were many descrip-DE LUSIGNAN ET AL., Quality Feedback for Primary Care Data tions of the potential, 18, 19 the need for, [20] [21] [22] [23] or the actual use of data quality feedback, [24] [25] [26] but no evidence about what elements should be fed back and in what way. Where feedback techniques and audit have been used, they have focused on clinical outcomes rather than on changes in data quality. [27] [28] [29] Individual feedback appears to be better than group feedback, 30 and feedback from a peer-group in general practice appears to be more effective than feedback from non-clinicians. 31 Feedback focused on a particular clinical area also seems to be more effective than generalized feedback.
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Data Analysis
If feedback had a positive effect on quality, then the longer a general practitioner had been in the scheme, the higher would be their score.
Calculating Whether Data Quality
Is Related to Time
General practitioners contributing data in the first quarter of year 2000 were placed into groups representing the year in which they joined. The mean scores on each quality marker for each group in the first quarter of 2000 were then calculated and regression analysis was used to determine whether length of time in the scheme affected quality scores and, if so, in which areas.
Excluding the Effect of External Environmental Factors
Improvements in the quality marker scores may have been due to various NHS initiatives, such as Collection of Health Data from General Practice. 33 If general practitioners were improving "naturally," this would be reflected in an increase in the starting scores of general practitioners who joined the scheme over time. General practitioners were therefore grouped according to year of joining, their starting scores on each marker extracted, and regression analysis on the means for each group used to see whether their starting scores improved over time on any marker.
Excluding the Effect of Differential General Practitioner Drop Out
Results may be biased by a greater proportion of the poorly performing doctors dropping out during the early years of the scheme. To check this, doctors were first grouped according to the length of time they had spent in the scheme, regardless of start date. For example, two general practitioners who started in 1992 and in 1994 but who remained in the scheme for three years would be placed in the same group. The difference in each general practitioner's first and last scores was calculated and from these the mean scores were found for each group and marker. Regression analysis was again used to determine whether time in scheme affected data quality.
Effect of Specific Feedback to Those with a Below-average Score for Linkage of Diagnosis and Prescription
One particular form of feedback was also investigated, an initiative to improve the linkage of diagnosis to prescription. Its effectiveness was assessed by comparing the mean score for all the general practitioners in the second quarter of 1999 who received the report, with their mean score in the first quarter of 2000.
Results
Three Markers Show Improvement with Time
The quality markers showing a significant improvement with time at the 5 percent level were: The mean starting scores and the results of the regression analysis are shown in Tables 2 and 3 .
External Environmental Factors Do Not Explain Improvement
None of the markers that improved over time showed any evidence that external factors had played a part. Table 4 shows the results of the regression analysis on the general practitioners' starting scores. The only marker showing any significant improvement in starting score with time was the number of prescriptions issued per 1,000 registered patients (p < 0.05). 
Differential General Practitioner Drop Out Cannot Explain Improvement
It was possible to do this analysis for two data quality markers-the percentage of repeat prescriptions and the percentage of acute prescriptions linked to a diagnosis. The repeat prescription linkage showed significant improvement with time in the scheme, regardless of the general practitioner start date (p < 0.05).
Acute prescription linkage did not show any such trend. However, whether time spent in the scheme was short or long, acute prescription linkage improved (range, 2.5-15.1 percent). These two analyses suggest that the improvements seen in coding quality were not due to differences in the rate at which poorly performing general practitioners dropped out of the scheme.
Significant Effect of Specific Feedback for Linkage of Diagnosis and Prescription:
The feedback of the detailed repeat prescribing reports had a significant effect on the percentage of repeat prescriptions linked to diagnosis. This increased from 64.6 percent in the second quarter of 1999 to 79.5 percent in the first quarter of 2000 (difference, 14.9 percent; 95% confidence interval, 3.7-26.1 percent; p = 0.005).
Discussion
The main finding from this study is that the feedback of four of the quality markers improved data quality. All these markers were fed back over a long period; one marker was also fed back over a shorter period, with the specific aim of increasing the linkage of diagnosis or problem to repeat prescriptions. The scheme members were also offered a small financial incentive, but this was dependent on meeting target scores for all markers, not specific ones. To receive this payment, general practitioners would have needed to focus on those markers for which they performed least well.
The results of this study are mixed. Feedback of half the markers achieved significant improvement, while feedback of others did not. Feedback of this nature is not, therefore, in itself an effective mechanism, but it
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Journal of the American Medical Informatics Association Volume 9 Number 4 Jul / Aug 2002 may represent a low-cost tool that can be used alongside other tools. The explanations for why the shortterm feedback was so successful also needs to be explored further.
The findings from this study have potentially important implications for electronic patient records. First, they can inform those seeking mechanisms to improve data quality about the effects of a long period of feedback to a large group of practices. Second, those feeding back data quality indexes may wish to critically examine whether the feedback had any effect on data quality. Third, they indicate the importance of further research to describe the context in which feedback may contribute toward improvement in data quality.
Some potential confounding factors need to be considered. The members of the MediPlus database all use the Meditel computer system and are volunteers. They may have made considerable efforts to raise their data quality standards before joining the scheme. Some general practitioners had data quality markers that were already at levels over 90 percent before they joined the scheme. For markers with such high scores, it would be difficult to show a statistically significant improvement in score over time. Finally, some markers have been overtaken in their usefulness by advances in technology. Automated registration links with the Health Authority (GPLinks Project) has almost eliminated the number of patients without full demographic details. Similarly, patients who die or move away are now more likely to be automatically removed from a practitioner's list. In the past, unremoved patients may have artificially increased the list size, thereby increasing the denominator population used to calculate the data quality scores. Technical solutions like GP-Links have clearly had a major influence on some aspects of general practitioner data.
Further research is needed to ascertain what data quality markers should be fed back and by whom. From the literature review, individual feedback on a narrow clinical focus seems to offer the best approach to feedback of data quality markers. However, this was not the mechanism used for the most successful data quality marker fed back within the MediPlus database. Research is also needed to ascertain whether the personal feedback, the token financial rewards, or some other factor was responsible for this change. The role of practice staff may also need to be carefully examined, as primary care support staff are responsible to varying degrees for issuing repeat prescriptions.
Conclusions
We found that four data quality markers, all relating to the linkage of diagnosis to prescription and the use of more specific Read Codes, improved at a significantly higher rate in MediPlus practices. The personalized feedback to those general practitioners with below-average scores and the token financial incentives may have been important motivating factors and should be tested elsewhere. However, the role of practice support staff and the improvements made to the accuracy of the denominator through the GPlinks project show that factors other than coding by clinical staff may have profound effects on data quality. If general practice computer records are to become the cornerstone of the electronic patient and health records promised by the NHS information strategy, research is urgently needed to define how feedback on data quality should be given. 
